requirements. 2±4 The genetic background of the cats in this study is not known, other than they were not direct litter mates. The consistent degree of sensitivity to iso¯urane, sevo¯urane and des¯urane displayed by these cats lends support to the hypothesis that these three agents have a similar mechanism of action.
Background. To investigate the effects of propofol administration on acute lung injury in endotoxin-induced shock in rats.
Methods. Seventy-six male Wistar rats were randomly assigned to one of ®ve groups: (i) saline control; (ii) endotoxin alone (receiving lipopolysaccharide (LPS) 8 mg kg ±1 i.v.); (iii) pretreatment with propofol 1 h before LPS; (iv) simultaneous treatment with propofol and LPS; (v) post-treatment with propofol 1 h after LPS. During the 5 h after LPS injection, survival rates were recorded. Lung tissue was sampled to measure values of nitrite/nitrates (NO 2± /NO 3± ) and tumour necrosis factor (TNF)-a in bronchoalveolar lavage (BAL)¯uid, and wet-to-dry lung weight ratio, pulmonary permeability index, BAL protein and expression of inducible nitric oxide synthase (iNOS) and nitrotyrosine (NT). Acute lung injury (ALI) or acute respiratory distress syndrome (ARDS), a major cause of mortality in intensive care units, is characterized by hypoxaemia, pulmonary in®ltrates, increased microvascular permeability and endothelial barrier disruption.
1 Among many possible mediators for ALI, nitric oxide (NO), reactive oxygen species and pro-in¯ammatory cytokines have been implicated in the pathogenesis of sepsis-associated lung injury. Recent evidence indicates that large amounts of NO produced by inducible NO synthase (iNOS) react rapidly with the superoxide radical to form peroxynitrite (ONOO ± ), which has been found in the early stages of endotoxin shock and is proposed to play an important role in the pathogenesis of sepsis-associated lung injury and ARDS. 2 3 Propofol is known to be a peroxynitrite and free-radical scavenger. 4 5 Treatment with propofol after endotoxin injection reduced the production of in¯ammatory cytokines and mortality rates in rats. 6 Propofol may therefore be able to attenuate endotoxin-induced ALI. The current study was undertaken to clarify the effects of treatment with propofol on endotoxin-induced ALI.
Methods and results
The current study was approved by the Animal Care Committee of Tongji Medical College and was performed in accordance with National Institutes of Health guidelines for animal use.
After an i.p. injection of pentobarbital sodium 30 mg kg ±1 , 76 adult pathogen-free male Wistar rats were randomly assigned to one of ®ve groups: (i) control group (n=8), receiving saline only; (ii) endotoxaemic group (n=17), receiving an i.v. bolus injection of lipopolysaccharide (LPS, O55:B5, Sigma Chemical, St Louis, MO, USA) 8 mg kg ±1 ; (iii) pretreatment group; (iv) simultaneous treatment group and (v) post-treatment group (all n=17). Endotoxin was used as for the endotoxaemic group. Propofol 5 mg kg ±1 i.v. bolus followed by infusion at 10 mg kg ±1 h ±1 up to 5 h after LPS injection was given 1 h before, simultaneously with or 1 h after the injection of LPS in the pretreatment, simultaneous treatment and posttreatment groups, respectively. During the 5 h after LPS injection, survival rates were recorded. The rats were killed 5 h after LPS injection. (Table 1) , and attenuated endotoxin-induced increased NT expression ( Fig. 1 ) and iNOS mRNA (data not shown). These bene®cial effects were blunted in the post-treatment group. In propofol-treated groups, especially the pretreatment group, there was an improvement in 5 h survival rates (P<0.05). Survival rates 5 h after LPS injection were 100%, 35.3%, 
Comment
There is evidence that the toxicity of NO is primarily mediated by the highly cytotoxic agent peroxynitrite. Large amounts of NO produced by iNOS react rapidly with the superoxide radical to form peroxynitrite, which has been proposed to play a signi®cant role in cellular damage associated with overproduction of NO. The peroxynitrite reacts with protein tyrosine residues to form NT, a stable oxidation product. This reaction can alter cell signalling processes and plays an important role in the mechanism of apoptosis and subsequent barrier dysfuction. 2 3 7 Studies in vitro have reported that propofol protects endothelial cells against the toxicity of peroxynitrite and reduces NT in bronchial cells exposed to NO itself. 8 9 Our present study demonstrates that, in an endotoxin model, early treatment (including both pre-and simultaneous treatment) with propofol signi®cantly attenuates endotoxin-induced increased expression of lung peroxynitrite and iNOS mRNA, as well as NO and TNF-a production. Reduced NO production caused by downregulation of mRNA expression for iNOS would contribute to a decrease in peroxynitrite generation in our current study. Values of W:D, PPI and BALFprot, which were used as indicators of pulmonary microvascular permeability, were decreased signi®cantly in the pre-and simultaneous-treatment groups. Backman and colleagues 10 showed that peroxynitrite infusion into a rabbit lung increased capillary permeability and lung weight, consistent with a pathogenic role for peroxynitrite in lung injury. Our ®ndings suggest that the protective effects of early propofol treatment on endotoxin-induced endothelial barrier dysfuction and high microvascular permeability is caused, at least in part, by suppression of iNOS-NO-peroxynitrite dependent pathway. In contrast, the attenuation of endotoxininduced ALI is reduced with propofol 1 h after LPS treatment. In addition, it has been reported that attenuation of TNF-a and NO production may improve the high mortality rate in septic shock. In this study, we present evidence that early treatment of LPS-exposed rats with propofol dramatically improved 5 h survival rates. These ®ndings suggest that the improved mortality is associated with propofol's suppression of TNF-a and NO production in animals with endotoxic shock.
Collectively, propofol can inhibit the production of proin¯ammatory cytokines, and appears to be an iNOS inhibitor and a peroxynitrite and free-radical scavenger. Through these mechanisms, propofol may attenuate endotoxin-induced ALI. 
